Introduction: It has recently been highlighted that patients affected by schizophrenia (SCZ) and those affected by bipolar disorder (BD) undergo gradual chronic worsening of cognitive and social functioning. The objective of the current study was to evaluate and compare (using the Facial Action Coding System [FACS]) the way by which patients with the two disorders experience and display emotions in relation to specific emotional stimuli. Materials and methods: Forty-five individuals participated in the study: 15 SCZ patients, 15 BD patients, and 15 healthy controls. All participants watched emotion-eliciting video clips while their facial activity was videotaped. The congruent/incongruent feeling of emotions and the facial expression in reaction to emotions were evaluated. Results: SCZ and BD patients presented similar incongruent emotive feelings and facial expressions (significantly worse than healthy participants); SCZ patients expressed the emotion of disgust significantly less appropriately than BD patients. Discussion: BD and SCZ patients seem to present a similar relevant impairment in both experiencing and displaying emotions; this impairment may be seen as a behavioral indicator of the deficit of social cognition present in both the disorders. As the disgust emotion is mainly elaborated in the insular cortex, the incongruent expression of disgust of SCZ patients can be interpreted as a further evidence of a functional deficit of the insular cortex in this disease. Specific remediation training could be used to improve emotion and social cognition in SCZ and BD patients.
Facial expression in patients with bipolar disorder and schizophrenia in response to emotional stimuli: a partially shared cognitive and social deficit of the two disorders 
Introduction
Schizophrenia (SCZ) and bipolar disorder (BD) are severe and disabling diseases.
The main clinical features of the acute phases of the two disorders are very different; however, both disorders are characterized by gradual chronic worsening of cognitive and social functioning. 1 Cognitive and social impairment of SCZ patients has been widely studied and described in the last decades. 2 On the other hand, the course of BD has traditionally been viewed as episodic, with symptomatic and functional recovery between mood episodes; 3 this view has recently been challenged by clinical and epidemiological studies that document how, despite symptomatic improvements, many individuals with BD experience difficulties in daily functioning also during recovery following mood episodes (for example, there are higher rates of unemployment and disability submit your manuscript | www.dovepress.com
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Bersani et al among individuals with BD than in the normal population). [4] [5] [6] [7] Cognitive and social impairments have nowadays been found in BD patients even during the euthymic phase of the disease, thus representing trait-associated, rather than stateassociated, characteristics of the disorder. 8, 9 Social cognition (SC) is a multifaceted construct that focuses on how people process information within social contexts; it includes Theory of Mind (ToM), social knowledge/ perception, attributional styles, and emotional processing. 10, 11 A large body of evidence indicates that both patients with SCZ and those with BD present deficits in some constructs of SC, including ToM and emotional processing, and that these deficits may underlie those areas of the disorders that usually persist despite pharmacological treatments, such as low social functioning, affective flattening, disability, and cognitive deficits. 1, [12] [13] [14] [15] It has been repeatedly reported that SCZ patients show characteristic facial activities, such as reduced levels of facial expressivity in reaction to emotional stimuli and during social interactions; this reduction can be seen as a behavioral indicator of emotional processing deficits. 12, 16, 17 As BD and SCZ seem to share complex chronic deficits in cognitive functioning and SC that are independent from acute psychopathological manifestations, the aim of the present study is to investigate if and/or to what extent BD patients present reduced levels of facial expressivity, as an index of emotional experiences, similarly to SCZ patients.
Materials and methods Participants
The sample consisted of outpatients recruited at the Alfredo Fiorini Hospital of Terracina, Sapienza University of Rome, and 15 healthy controls. After having signed a written informed consent, patients underwent a structured clinical interview on the model of SCID-I (Structured Clinical Interview for DSM-IV Axis I Disorders) and, according to the criteria of the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR), they were divided into two groups: patients with SCZ (n = 15) and patients with BD Type I without psychotic symptoms (n = 15; Table 1 ). BD patients were in the euthymic phase of the disease while SCZ patients presented a chronic and stable clinical condition; healthy participants were selected to match demographics to the patient group.
Exclusion criteria were: significant concomitant neurological diseases, other Axis I diagnosis, tardive dyskinesia, history of abuse of alcohol or other drugs of abuse, hospitalization in the last 12 months, pharmacological treatment with typical antipsychotics, clinical onset within the previous 24 months, Hamilton Depression Rating Scale score .7 (for BD patients), young mania rating scale .11 (for BD patients), scores .4 for "delusions", "conceptual disorganization", and "hallucinations" items of the positive and negative syndrome scale (for SCZ patients).
At the time of the assessment, all patients were on pharmacological treatment as requested by their clinical condition ( Table 2) .
Facial action coding system and video clips
The Facial Action Coding System (FACS) by Ekman and Friesen 18 is one of the most widely used instruments for the analysis of facial expression. It is based on an anatomical analysis of facial action through the codification of facial 
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Facial expressions in bipolar disorder and schizophrenia expression in 44 "action units" (AUs; Figure 1 ). AUs are anatomically defined; they represent the basic repertory of human facial expressions. Using the FACS, the variety of facial movements can be observed objectively. The FACS investigator's guide 19 codes the exact combinations of AUs that should be observed in response to each emotional stimulus ( Figure 2 ).
The use of video clips to elicit specific emotions has a long history in clinical psychology and psychiatry; 20 Gross et al systematized this issue selecting and validating 16 films that successfully elicited amusement, anger, contentment, disgust, sadness, surprise, fear, and a neutral state. 21 Video clip details are given in Table 3 .
study design
All patients watched video clips designed to elicit significant and specific emotions. The facial expression of each patient in response to the vision of the films was video recorded. These video clips, all in Italian, were watched by the three groups of subjects in the same order, according to the protocol established by Gross 21 and according to the protocol of a previous study by our research team: 22 they experienced in relation to the video (Table 4) . 22 Each response to the questionnaire was then scored in relation to the expected emotion.
Two different reports were produced. In the report of concordant responses, a score of 1 was given for each emotional report concordant with the expected emotion and a score of 0 was given if the patient reported to not have felt any emotion (neutrality) or to have felt an emotion different from that expected. Scores could range between a minimum of 0 and a maximum of 8; for example, patients obtained an 8 when they reported concordant emotions in response to all the 8 video clips. In the report of discordant responses, a score of 1 was given for each emotional report discordant with the expected emotion associated with the video clip and 0 if the patient reported to not have felt any emotion (neutrality). Scores could range between a minimum of 0 and a maximum of 8; for example, patients obtained the score 8 when they reported wrong emotions in response to all the 8 video clips.
At the end of the film session, the mimic reactions to the video clips were coded following the indications of the FACS investigator's guide. 19 The same three examiners (EP, GV, DL)
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Facial expressions in bipolar disorder and schizophrenia evaluated all video registrations. The three examiners previously attended a specific 3-day workshop organized by the Centro Ricerche FACS Onlus (CRF; FACS research center) at the University of Trieste. For the scoring it was considered the specific expected emotion associated to the video and the combination of AUs observed in response. Since each video was evocative of only one specific emotion, specific combinations of AUs were expected in relation to each video ( Figure 2 ). If one of the expected combinations of AUs occurred, the examiners assigned the score 1; if the expected combinations did not occur the examiners assigned the score 0 (this scoring was repeated for each movie clip); for example, patients obtained the score 8 when they presented the expected facial expression (Figures 1  and 2 ) in response to all eight video clips.
statistical analysis
The data were analyzed using SPSS software version 20 (IBM Corporation, Armonk, NY, USA). One-way univariate analysis of variance (ANOVA) was used to compare sociodemographic data of participants. In addition to descriptive statistics, one-way univariate ANOVA was performed to compare the mean scores of participants divided into diagnosis groups. As the diagnosis factor had more than two levels, post-hoc tests were calculated using the Bonferroni test.
Chi-squared and Fisher's exact test were used to compare the right or wrong facial expression in reaction to emotional stimuli of BD and SCZ patients.
Results
Post film questionnaire -concordant responses
One-way ANOVA determined statistically significant differences between group means (F2 = 25.39, P , 0.01). Mean score ± standard deviation of the report of concordant responses was 4.13 ± 1.50 for SCZ patients, 4.93 ± 1.75 for BD patients, and 7.53 ± 0.51 for healthy controls. Comparing between groups with the post-hoc Bonferroni test revealed that healthy controls had significantly higher scores than both SCZ (difference of means = 3.40; P , 0.01) and BD patients (difference of means = 2.60; P , 0.01). There were not significant differences between SCZ and BD patients (P = 0.34; Figure 3 ).
Post film questionnaire -discordant responses
One-way ANOVA determined statistically significant differences between group means (F2 = 17.91, P , 0.01). Mean scores ± standard deviation of the report of discordant responses were 2.20 ± 1.26 for SCZ patients, 1.46 ± 1.24 for BD patients, and 0.00 ± 0.00 for healthy controls. Comparing between groups using the post-hoc Bonferroni test showed that healthy controls had significantly lower scores than both SCZ (difference of means = −2.20; P , 0.01) and BD patients (difference of means = −1.46; P , 0.01). There were no significant differences between SCZ and BD patients (P = 0.17; Figure 4 ).
Facial expressions
One-way ANOVA determined statistically significant differences between group means (F2 = 33.42, P , 0.01). Mean FACS score was 3.26 ± 1.53 for SCZ patients, 5.00 ± 1.51 for BD patients, and 7.13 ± 0.63 for healthy controls. Comparing between groups using the post-hoc Bonferroni test showed that the FACS score of SCZ patients was significantly lower than BD (difference of means = −1.73; P , 0.01) and healthy controls (difference of means = −3.86; P , 0.01). BD patients and healthy controls also had significantly different scores (different of means = 2.13; P , 0.01; Figure 5 ).
Facial expression in reaction to emotional stimuli in BD and scZ patients
According to the FACS investigator's guide, all BD and SCZ patients showed congruent facial expression in response to 
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Bersani et al neutral stimuli, seven BD and two SCZ (P = 0.10) patients showed congruent facial expressions in response to fear stimuli, three BD and four SCZ (P = 0.45) patients showed congruent facial expressions in response to surprise stimuli, five BD and three SCZ (P = 0.68) patients showed congruent facial expression in response to anger stimuli, nine BD and four SCZ (P = 0.13) patients showed congruent facial expression in response to sadness stimuli, 14 BD and seven SCZ (P = 0.01) patients showed congruent facial expressions in response to disgust stimuli, 18 BD and 14 SCZ (P = 0.43) patients showed congruent facial expression in response to amusement stimuli (amusement stimuli were showed twice; Table 5 ).
Discussion
To our knowledge, this is the first study investigating and comparing the facial expression of patients with SCZ and BD using the FACS system. As expected, healthy controls showed more appropriate emotional experience and facial expression than patient groups (Figures 3-5 ). This finding partially confirms the hypothesis that BD patients, as well as SCZ patients, present reduced levels of facial expressivity presumably attributable to deficit of emotional processing and SC.
SCZ patients presented a more compromised facial expression than BD patients ( Figure 5 ). This issue is consistent with existing data: previous studies already found that deficits in expressing emotions are often present in SCZ patients and correlate with neuroleptics treatment 23 and the intensity of negative symptoms (in particular with the affective flattening). 24 The only significant difference between patients' facial expression in reaction to video clips was found for the expression of disgust (Table 5) : one BD and eight SCZ patients (P = 0.01) showed incongruent facial expression in response to disgust stimuli represented by scenes from the "Pink Flamingos" film. This issue is consistent with a previous study of Kholer et al 25 where it was found that SCZ patients had more severe impairment in relation to specific emotions such as amusement, fear, and disgust.
The deficit in the expression of disgust highlights some possible new evidence with respect to the relationship between neuroanatomy of SCZ. Functional neuroimaging research demonstrated that facial expressions of disgust engage the insular cortex more consistently than other facial expressions; 26 furthermore, several studies found that lesions in the insular cortex compromise the capacity of recognizing and expressing the disgust emotion. [27] [28] [29] The insular cortex is believed to be involved in consciousness and plays a role in diverse functions including perception, motor control, self-awareness, cognitive functioning, and interpersonal experience. [30] [31] [32] [33] There is an increasingly amount of data suggesting possible hypofunctioning of the insular cortex in SCZ patients, 34, 35 while there is no data about its possible involvement in BD. As the disgust emotion is mainly elaborated in the insular cortex, the incongruent expression of disgust of SCZ patients could be seen as further evidence of a deficit of the functionality of the insular cortex in SCZ. The results of the post film questionnaires indicated that BD and SCZ patients seem to present similar relevant impairment in recognizing and experiencing emotions: there was no significant difference between the results of the two groups of patients (both of them having significantly worse results than healthy controls; Figures 3 and 4) . Difficulty in recognizing and experiencing emotions observed through the facial expression in patients could reflect the impairment in SC recently described in both SCZ and BD. 1, 14 Frommann et al, Marsh et al, and Lewandowski et al all found that emotional processing and social cognition in SCZ can be improved through targeted remediation training. [36] [37] [38] This training could potentially be used to improve the global functioning of both SCZ and BD patients in addition to medications and psychotherapies.
Limitations
The small number of participants is a major limitation of the study; for this reason, the results should be considered preliminary. Moreover, the coders were not blinded about the status of patients.
The choice to reduce the power of FACS to a binary number (expression prototype present or absent) makes it a less sensitive measure and as such different degrees of more refined and subtle facial movements could not be evaluated. This step was deemed necessary, however, as it reduced the possibility of codification bias.
Further studies are needed to further assess differences and similarities in emotional responses in BD, SCZ, and other psychiatric diseases.
